ECOLOGICAL STUDIES ON THE JAPANESE DEER, CERVUS NIPPON CENTRALIS KISHIDA ON KINKAZAN ISLAND III. GROWTH FORM OF DOCKMACKIE, VIBURNUM DILATATUM THUNB., BROWSED BY DEER AND ITS DISTRIBUTION by Ito Takeo
ECOLOGICAL STUDIES ON THE JAPANESE DEER,
CERVUS NIPPON CENTRALIS KISHIDA ON KINKAZAN
ISLAND III. GROWTH FORM OF DOCKMACKIE,





The bulletin of the Marine Biological Station






:BULLETIN OF THE MARINE BIOLOG!OAL STATION OF ASA.~USitt, 
VOL. XIV, NO. 1. 1970 
ECOLOGICAL STUDIES ON THE JAPANESE DEER, OERVUS 
NIPPON OENTRALIS KISHIDA ON KINKAZAN ISLAND 
III. GROWTH FORM OF DOCKMACKIE, VIBURNUM 
DILATATUM THUNB., BROWSED BY DEER 




.J.lfarine Biological Station, TtJkolcu University, 
Aaamuski, Aomori City 
INTRODUCTION 
The carrying capacity, the maximum number of deer per unit area that can be 
supported through the year without deterioration of the range, varies widely in 
different parts of the range. Obviously, climate has a marked effect on the 
carrying capacity since it determines whether deer can use the whole range in 
winter or only a part of it. According to the data available, it ranges from a high 
of 64 deer per section (640 acres) to a low of 8 in the case of the white-tailed deer, 
Odocoileus virginian us. Considering the wide range of conditions, it was concluded 
that 20 deer per section can be taken as an approximate average carrying capacity 
in the forest of the temperate regions (Hosley, 1956). Following this conclusion, 
the maximum population on Kinkazan Island, Miyagi Prefecture, would be 7 4 
deer. On the contrary, at present about· 400-450 deer inhabite in a wild or 
semi-wild state on this island (Asahi, et al., 1967). The deer are barely able to 
obtain sufficient forage throughout the year and the population is probably at its 
densest possible level. They inflict serious damage upon young trees, shrubs, 
grasses, and herbs, so their effect on vegetation by grazing and browsing is decisive 
enough to determine and maintain specific plant communities mainly consisting of 
unpalatable plants (Yoshioka and Kashimura, 1959). They might be called biotic 
climaxes or biotic subclimaxes. 
On the other hand, Kaoo pointed out the relationship between various kinds 
of characteristic animal and plant communities and inhabitation of deer population 
in the highest density upon the bio-community of Kinkazan Island (Kat6, 1967). 
1) Contributions from the Marine Biological Station, TOhoku University, Aomori City, 
No. 384 
2) Contributions from J1BP·CT No. 40 
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He tried to estimate the food chain relationship in this island induced by deer. 
Among several food plants in his estimation, dockmackie, Viburnum dilatatwn, 
is widely distributed in the island, especially in the Abies-deciduous broad leaf 
tree forest zone and in the grassland and is occasionally a palatable shrub. But 
as deer nipping against this shrub concentrates in early summer on the newly-grown 
twigs, they become dwarf forms showing the tendencies toward fine branching and 
microphylly. Not only this species, but many other shrubs and trees are subjected 
the damages of deer browsing. They clearly show the marks of overuse: the 
stunted, hedged younger trees, close cropped and with bunches of twigs at the tips 
of their mangled branches, and the taller trees highlined, with all the vegetation 
within reach removed by the starving animals. They are useful indicators of 
whether the deer density reaches overpopulation, and their abundance in 
relation to normal occurrence may be used to judge the past trends in range 
conditions. 
The writer intended to investigate the relationship between deer density and 
the distributions of these indicators in the island. 
In the present paper, various types of growth form of Viburnum dilatatum 
induced by deer browsing and their distribution in Kinkazan Island with special 
reference to deer density are presented. 
Before proceeding further, the writer wishes to express his cordial thanks to 
Professor Dr. lYiutsuo Kato of the Biological Institute, Tohoku University for his 
direction during the course of this investigation and for his critical reading of the 
manuscript. Thanks are due to Professor Dr. Eturo Hirai, Director of the Marine 
Biological Station of Asamushi, Tohoku University and Professor Dr. Kuniji 
Yoshioka of the Biological Institute, Tohoku University for their fruitful ad vices. 
METHODS OF OBSERVATION 
The field observations were made twice, once in June and again in August 
1968. Viburnum dilatatum communities were surveyed by the method of contour 
line transect counts. The writer traversed the island along four contour lines ; 
100, 200, 300 and 400 m above sea level, and recorded the width of distribu-
tion of the respective communities and their types of shrub form on a map. In 
respective community areas, the sizes and heights of the shrubs, selected at random 
were measured. 
RESULTS AND DISCUSSION 
1. Sh1·ub jonn 
At first the shrub form of Viburnum clilatatum growing on the island was 
classified into two forms; they were the browsed form and the normal form. 
Furthermore, the former was distinguished into two forms, namely simple browsed 
form and compound browsed form. Each form was divided into two groups 
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Compound Browsed Forms 
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Fig. 1. Some types of shrub form. Normal form and compound browsed form were 
divided into two groups according to their height. Simple browsed form of 2m or more 
was not observed. 
Fig. 2. The deer can feed t he shrub with ease from the ground level up to a bout 1.3 m. 
according to the shrub height; shorter than 2 m and taller than 2 m, except the 
simple browsed form (Fig. 1). Almost all of Viburnum dilatatwn on Kinkazan 
Island were classified into these forms. 
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Fig. 3. The adult deer can increase its reach to about 1.8 m by lifting the foreleg 
to raise t he shoulder. 
The normal form is not very heavily utilized, but shows a relatively normal 
form under light moderate deer browsing pressure. The internode length of its 
twigs are relatively longer than that of the browsed one, and the leaves are larger. 
It takes the inverse triangular form because of a dense covering at the crown. The 
highest shrub of this form reaches about 4 m or more from groundlevel. 
The browsed form of 2m or more high above the ground, on the contrary, is 
not observed for the reason that deer cannot reach over the height. Deer can 
feed with ease from the ground level up to about 1.3 m, and in the unstable 
position an adult can increase its reach to about 1.8 m by straining its neck upward 
that is highly maneuverable and lifting one foreleg to raise the shoulder (Fig. 2,3). 
In the overpopulated area these shrubs less than 2 m high tend to form a dense 
mass of new shoots protected from killing by overuse heavily defoliated or 
clipping by deer browsing. Thus the cone-shaped browsed form is estimated to 
be established. The internode length of the twigs in this type is shorter than that 
of the former type and the browsed twig is finely branched. Though the flowers 
of Viburnum dilatatum generally appear in May to June on Kinkazan Island, the 
browsed form produces no flowers. Thus the browsed and normal form can be 
distinguished form one another by the presence of flowers, which is a useful indi-
cator (Fig. 4). 
Sometimes in a dense and stunted plant that grows slowly in diameter and 
height, a central stem arises at a point not easily accessible to the deer mouth and 
eventually grows up beyond their reach. 'rhis is the compound browsed form 
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Fig. 4. A veiw of the Shikayama grassland, northwest part of the island. White 
flowers of Vibumum dilataturn are visible only on t he normal forms. 
F ig. 5. Compound browsed forms of the shrub on the Shikayama grassland. Their 
central stems escape upward beyond t he reach of the deer. 
(Fig. 5). Nohithstanding the same shrub, the internode length of the unbrowsed 
higher twigs in this type is longer than that of the browsed lower twigs, and young 
shoots of the former twigs grow up longer without clipping. Furthermore, the 
leaves of the former are larger than those of the latter. The flowers are produced 
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on the former but not on the latter. 
The compound forms are observed not only in Viburnum dilatatum but also in 
many other shrubs distributed in the overpopnlated area of the browsing animals. 
Linsdale and Tomich (1953) observed in the mule deer reservation that coffee-
berry (Rhamunus californica) is made cone-shaped form by heavy browsing but 
the apex escaping beyond the reach of the deer. Besides this, some examples of 
bitterbush (Purshia tridentata) browsed by sheep and deer (Hormay, 1943a), 
wild raisin (Viburnum cassinoides) and witch hobble (V. alnifolium) by white-
tailed deer (Hosley, 1956), skunkbush sumac (Rhus trilobata) by elk (Murie, 1951) 
and mule deer (Hill, 1956) are known. 
It is difficult to know which is the most heavily overused among the five 
browsed types shown in Fig. 1 by the direct observation of feeding. Two processes 
are conceivable in the formation of normal B-type; first, it grew normally from 
seeling without suffering from the heavy browsing, and second, it grew from the 
survived central stems of the compound browsed form from withering by overuse of 
the browsed twigs. Generally the shrubs in large thickets or protected by other 
plants and those growing on steep slopes are less highly used than those in 
scattered or in the open conditions. These conditions affect most browsed plants. 
Adding to the damage by deer browsing, a minor cause of loss in this shrub is 
the bucks rubbing the velvet from their antlers and scouring their heads, neck and 
backs. Stems from 2 to 5 em in diameter of the normal form are chosen for 
rubbing and the fine branched browsed type for scouring. 
In shrubs, there is some relationship between the amount of current growth 
eaten and subsequent vigor. The maintenance of shrub vegetation depends on 
leaving some of the current year's twig growth and in allowing for reproduction 
(Brown, 1954). The factor closely related to accessibility and availability is the 
degree of damage of whether plants will withstand and still maintain satisfactory 
production. On an example of bitter bush (Purshia tridentata), it was recommended 
that not more than 60 per cent of the current annual growth was taken (Hormay, 
1943a). Light or moderate browsing, especially when they are dormant, is good 
for shrnbs, the reason of which is the nipping off of the terminal buds stimulates 
development of the lateral buds. During the newly-shooting season, shrubs are 
least resistant to browsing, but excessive browsing help to make vanish the 
ability of recovery and to destroy them. Twig mortality, as a result of browsing, 
is an important factor to consider the carrying capacity. 
2) Distribution of Viburnum dilatatum communities 
The distribution of the normal, simple browsed and compound browsed forms 
of Viburnum dilatatum communities on Kinkazan Island are shown in Fig. 6 with 
other vegetation types which were surveyed by Yoshioka (unpublished). 
The detailed report on the vegetation on the island was given by Y oshii and 
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Fig. 6. Distribut_ion of various growth forms of Viburnum dilat~tum com~unities 
on Kinka.zan Island. The vege~ative features in this map except Vtburnun?. dtlatatum 
communities were offered by Yoshioka (unpublished). 
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Yoshioka (1949). According to them, the larger part of the island is covered with 
climax natural forests, consisting of Fagus crenata, Carpinus Tsclwnoskii and 
Abies firma, except for several grassland and secondary pine forests lying sporadi-
cally along the coast. 
The Fagus forest zone occupies the greater part of the area 200 m and more 
above sea level and tlus may be recognized as a coastal subtype of the Pacific 
Japanese beach forest that remains in Miyagi Prefecture (Yoshioka, 1960). 
The Abies deciduous broad leaf tree forest zone spreads below the Fagus 
forest zone in the area of 50-200 m altitudes. 
The pine forest consisting of Pinus densijtora and P. Thunbergii mainly skirts 
the base of the island. Some of the former are afforested and others are raised 
naturally, and the latter is established artificially. 
The grasslands dominated by Miscanthus sinensis var. glacillimus were 
created by clearing or fire at places which had been formerly occupied by the 
forest. 
Small groupings of Viburnum ililatatum are widely scattered everywhere on the 
island, but large communities of this species have the following tendencies of their 
distribution: 
l. They are more abundant in the Abies forest and grassland than in the 
Fagus forest. 
2. They are scarce in the pine forest. 
3. They are more abundant at the western half of the island than at the 
eastern. 
4. They aro more abundant on the suuny ridges than in the humid bottom-
lands. 
As the tree layer in the Fagus forest zone is continuously clothed at the crown, 
the forest floor does not favour the growth of this shrub because poor insolation. 
On the other hand, the scattered sunny openings among the Abies zone are 
dominated by Miscanthus sinensis var. gracillimus. On these openings the 
shrub occurs more abundantly in the stand on slopes facing the northwest, west 
and southwest. 
In general, the shrubs of Viburnum ililatatum in a shady valley are relatively 
slender and most of them are of normal B-type. On the contrary, on the suuny 
ridge the shrub takes a stunted form with fine branching and the browsed form is 
abundant. 
The east facing slope shows the formation of the plant community similar to 
that of the valley region on account of the humid soil, therefore, the slope has 
with less shrubs. Owing to the influence of the prevailing northwest wind, how-
ever, the northwest and west slopes tend to be dried up and have many xerophytic 
plants. 
As mentioned above, the distribution of this shrub is influenced by several 
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environmental fuctors, that is, topograplllcal feature, climatic conditions, soil and 
humidity, surrounding vegetations, and so on. 
The island was divided into three areas from the density of the deer popnlation 
(ItO, 1967). The group I area, au area of 0.6 square kilometers iu the western part 
of the islaud, had the highest deer density and eastern half the lowest. In the 
former, there are large dry grasslands dominated by Miscanthus sinensis var. 
gracillimus, in which the ~erd size of the deer reached the maximum. The herd 
size varies with the topography, the vegetative cover, and the seasons. 
In general the deer tend to form large herds in open environments than in the 
dense forest, This open grussl~nd occupies an important position in the food 
supply of the group I deer. The browsed form of the shrub were clearly abun-
dant in this area. In some grasslands of the eastern area, on the contrary, herd 
sizes are not as large as in that of the group I area, Most of t)le shrub form in this 
area showed the normal types. According to some data on the pastured sheep 
in Jiokkaido, young larch (Larix leptolepsis) were most severely damaged in the 
area of IJ.ighest density (Farm Woodland and Range Management Rese~rch Room, 
Forest Management Division, 1965). At that place the young larches too)<: in 
various abnormal forms, for instance, in forked, three forked, and spherical form. 
The relative number of these forll)s w~s correlative with the densities of sheep. 
The writer intends to describe the rel.ations between the differenc.e pn 
distribution in a sunny field and shady bottom in group I area and the feeding 
behavior of deer loitering in this area at another occasion. 
SUMMARY 
1. Varions growth forms of dockmackie, Viburnum ililatatum, induced by 
deer browsing and the distribution of their communities in Kinkazan Island, 
Miyagi Prefecture were observed. . 
2. The shrub was classified into two forms; normal and browsed form (F1g. 1). 
3. Two types of the browsed form were distinguished; simple browsed and 
compound browsed form. 
4. Each form of the normal and the compound browsed was divided into two 
groups according to the shrub height; shorter than 2m and taller than 2m. 
5. The simple browsed form of 2m or more high was not observed for the 
reason that deer could not reach over that height. 
6. The distribution of the shrub is shown in Fig. 6. 
7. The shrub communities were more abundant in the Abies forest and 
grassland. 
8. They were more abundant on the sunny ridges facing the northwest and 
west. 
9. The shrubs in the shady valley were relatively slender and showed normal 
forms, but those on the open field took browsed forms. 
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10. The browsed form was clearly abundant in the western part of the island 
were the deer density was highest. 
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